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182 SCOITISH GEOGRAPHICAL MAGAZINE. 

THE VERTICAL RELIEF OF THE GLOBE 

Bv Huc:H RonEnT l\IILL, D.Sc., F.R.S.E., 

Lectm·e1· on Pltysiogmplty in lite Heriot- JVatt CoUege, Edinb111'[Jlt. 

(With rt .A!ap.) 

IN attempting to form in the mind, and still more in endeavouring to set 
before a popular audience, a vivid conception of the inequalities on the 
earth's surface, which have called the science of geography into existence, 
a difficulty is felt akin to that of an observer on Ben Nevis describing 
the surrounding country to a tourist while a thick mist rolls a dense veil 
across the lower slopes and valleys. The veil interposed to obscure our 
view of the world is the ocean, which conceals nearly three-quarters of 
our planet. Apart from the undue prominence given to the distinction 
between land and sea, the intelligent and logical study of physical geo
graphy is retarded by the difficulty of level and relative height which 
the ocean surface introduces. 

Tho diversity of mean sea-level in different parts of the United 
Kingdom is sufficient, in the case of flat shores, to affect the local 
value of the large-scale Ordnance Survey maps; whilo the possible 
difl'erence of elevation of the sea-surface in the centre and on the 
eastern shores of the J>acific has been estimated at more than 2000 feet. 
To appreciate fully the vertical relief of the globe, the phy~ical geographer 
would require to produce a map the contour lines on which would represent 
the intersection of equidistant shells concentric with the planet and similar 
to it in form. A simpler case would be to contour the earth's surface at 
intervals of uniform distance from the centre, i.e. the intersections of 
concentric spherical shells, but by this proceeding the form of the geoid 
would obscure its superficial irregularities, on which, and not on the 
degree of polar flattening or equatorial ellipticity, the diversities of' land 
and water depend. 

The structure of the earth is stated most simply by describing it as 
an irregular stony ball, covered with an ocean of sea-water, and a more 
extensive envelope of air. I believe that to Mr. Mackinder, Reader in 
Geography at Oxford, is due the credit of introducing into English 
writing the simple and suggestive terms Lithosphere and Hydrosphfll'e, 
which denote the solid and liquid portions of the earth, as Atmosphere 
expresses the gaseous. The terms have been used in Germany for some 
time, and deserve to obtain wide currency amongst physical geographers. 

If the lithosphere were perfectly smooth and at rest, with the hydro
sphere uniformly spread over its surface, the former would have the form 
of the geoid or terrestrial spheroid, and the latter would surround it to a 
depth of 1·1 miles. The surface of this hypothetical lithosphere may be 
termed the mean level of the solid spheroid, or shortly mean sphere level, 
and this surface presents certain advantages as a standard level. In 
reality tlJC surface of the lithosphere is not smooth ; parts of it are much 
depressed, and other parts ridged up until they project beyond the hydro-
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sphere. These projecting ridge-tops form the land of the earth, and the 
area of dry land obviously depends on the volume of the hydrosphere, 
the configuration of the heights and hollows, and to a slight extent on 
the balance between evaporation and condensation. 

In order to determine how great are the heights and hollows of the 
lithosphere, accurate surveys of all the land and sea of the globe are 
necessary. Since large tracts exist in the Arctic regions and far wider 
regions in the Antarctic concerning which we know absolutely nothing, 
and since only a few countries and no oceans have been surveyed in 
minute detail, it is obviously impossible to obtain correct data to warrant 
an exhaustive treatment of vertical relief. An approximation may be 
made, however, by the use of Dr. John Murray's very careful estimates 
of the height of land and depth of sea,1 from which the position of mean 
sphere level can be calculated, subject to the uncertainties referred to 
above. In a previous paper 2 he gives a calculation by Professor Chrystal 
of the area of the terrestrial spheroid as, in round numbers, 1 !)6,900,000 
square miles, of which he assigns 55,000,000 square miles to land and the 
remainin(J' 141,000,000 to sea-surface. In the paper on heights and 
depths the same area of land is assumed, but only 137,000,000 square 
miles of sea are considered in arriving at the estimate of average depth. 
The depth of ocean surrounding the smoothed lithosphere is given as 
about two miles; but if the total volume be 323,800,000 cubic miles as 
stated, the depth can only be 1·6 miles. Dr. Murray informs me that 
the discrepancy in areas is due to instrumental errors in measuring, 
which, when duly allowed for, leave the mean depth of the whole water 
surface of 141,900,000 square miles as 2'36 miles; the volume must 
thus be 334,900,000 cubic miles, which would cover the smoothed litho
sphere to a depth of 1·7 miles, assuming that the lithosphere is a spheroid 
whose mean diameter is 3! miles less than that of the actual terrestrial 
spheroid, hydrosphere included. The superficial area of the lithosphere 
would thus be 196,600,000 miles nearly; the mean surface of 196,700,000 
square miles may be safely used. 

The data available for calculating the position of mean sphere level 
are:-

Average depth of oceans=2·36 miles or 12,600 feet, or 2100 
fathoms. 

Average height of land= 0·426 mile or 2250 feet. 
Average thickness of hydrosphere surrounding smoothed litho

sphere= 1·7 miles or 8980 feet. 
Area of land= 55,000,000 square miles. 
Area of oceans= 141,700,000 square miles. 

The average depth of ocean being calculated from its area, and the 
volume obtained by calibration of the depressions is theoretically free 
from error due to the heaping up of the sea against the land ridges by 
attraction ; this error affects the mean height of the land, but probably to 
an extent sufficiently small to ignore at present. The criticisms of Penck 

. 1 &ot. Gcoq. May. h·. 1 (1888). 2 lbitl. ii. 550 (1886) . 
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18! THE VERTICAL RELH:F OF THF: GLOBE. 

and Supan 1 may also be ignored, for with so great uncertainty as is 
introduced by the unknown Antarctic region the addition or subtraction 
of even a few hundred feet of height or depth in the case of individual 
continents and oceans becomes negligible in a general discussion, and 
Dr. Murray's corrected results referred to above rectify many of the dis
crepancies detected by the German critics. 

As a first step in the calculation, suppose a block of 55,000,000 
square miles area and 1·7 miles deep to be cut out of the smoothed litho
sphere and set down on the surface alongside the depression (see Diagram). 
Assuming the lithosphere to be rigid and incompressible, no change will 
t<tke place in the surface of the hydrosphere, as the hollow is exactly 
equal in volume to the block set down on the surface. The sides of the 
block and hollow may be assumed as perpendicular to the mean lithosphere 
surface; in other words, the arc subtending the same angle at the earth's 
centre is for the present purpose not appreciably greater for a radius 
increased by 3·4 miles. 

DIAGRAll ILLUSTRATING THE CALCULATION OF MEA:\' Hl'llEHE LEYEL. 

A B G, surf~tce of lithosphere unruflle<l hy elevations or dCJlressions, forming mean sphere 
level. 

E F, surface or hydrosphere entirely surrounding omnothed lithospl>ere • 
. \ n C D, depression 55,000,000 oqnare miles in area and 1·7 mile• deep. 
A E F G, elevation excavated from the deprco•lon and pile.! on an equal nren or the lithosphere 

surface. II I, the e~nali.ed he• I or the depreRsion. II K L I, n•hlltional excavation 
t<> furnish material E ~~ N F, h> complete ennt.lnental mass. 0 P, mean sea.!evel. K L, 
mean bed of oceans. M N, mean t•ontfnentallmrrnr.es. 

I Sco/. Grnq. Ma,q .. v. 442 11889). 
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Next, if the surface of the 141,700,000 square miles of lithosphere 
surrounding the elevated tract were reduced to uniformity, the whole 
depressed area would lie 0·66 mile beneath mean sphere level, and the 
hydrosphere surface being still undisturbed its mean depth would become 
2·36 miles, which is the average depth of the actual ocean. All further 
transferences of matter from the bed of the ocean to the surface of the 
land must be carried out without disturbing either this depth or the area 
it covers. 

In order to mise the land to its actual mean level above the hydro
sphere surface, a sufficient quantity of matter must be removed from the 
depressed area, and its removal will, of course, lower the hydrosphere 
level by a certain amount. Suppose the uecessary quantity is obtained 
by removing a layer x miles thick ft·om the 141,700,000 square miles 
of the depressed area; in consequence the hydrosphere surface sinks 
x miles as its depth remains unchanged, and x miles of the land block 
project above the surface. When the matter removed from the depression 
is piled up uniformly on the 55,000,000 square miles of elevation it 
forms a layer y miles thick; and x + y is the height of the land above 
the actual hydrosphere level, supposing the latter to be undiatorted 
by the attraction of the land. The data quoted above enable us 
to frame the simultaneous equations-

x + y - 0•426 = 0 
and 141·7 x - 55 y = 0 

wltich give x = 0·120 andy = 0·306 in miles. 

The average height of the land above mean sphere level is thus 
1·70 + 0·306 = 2·006 miles or 10,590 feet, and the average depth of 
the depressed portion beneath mean sphere level is 0·66 + 0·12 = 0·7~ 
mile-i.e. 4100 feet or 680 fathoms. Since the hydrosphere is 2·36 
miles thick its surface stands 1·58 miles, or 8400 feet or 1400 fathoms 
above mean sphere level. 

The result of excavating from beneath mean sphere level, and piling 
up above mean sphere level, is the same as that of the process which 
actually took place when the vertical relief of the earth's surface was 
produced by depressions and simultaneous upheavals. It is true that as 
the earth cooled and soliditied from the state of a l>lastic spheroid, 
that could not perpetuate the temporary disturbances of its surface, its 
diameter became less by contraction, and the surface features were, age 
after age, crowded into a smaller and smaller superficial area, the. tangen
tial stresses so produced gradually increasing the diversity of ridge and 
hollow. It is convenient to separate the two processes in thought. Let 
the lithosphere cool and contract unruftled to its present dimensions, and 
suppose the hydrosphere absent, then let the present vertical relief come sud· 
denly into existence by the depression of one half of the superficial area 
and the simultaneous elevation of the other half. Here we cease to 
deal with one perpendicular-\valled block of elevation in the midst of a 
uniform depression, and come to the consideration of numerous ridges and 
hollows, which graduate by more or less gentle slopes i11to each other. 
The line separating all the elevations from their associated depressions 

VOL. VI. o 
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divides the surface of the earth· into two parts, unsymmetrically distributed 
but equal in area, and this line is the contour-line of mean sphere 
le\·el. 

1\Ir. Bartholomew has prepared the accompanying map of the world 
on an equal-area projection, contoured at equal intervals, from the bed of 
the deepest depression upwards, and coloured to show the vertical relief 
of the globe, the hydrosphere being supposed absent. The strong dotted 
line (corresponding to a depth of 1400 fathoms below "sea-level") shows 
the mean sphere level. This map, representing vertical relief and nothing 
else, recalls, especially by the Pacific hemisphere, the appearance of the 
moon seen through a telescope of moderate power. 

The map shows the general cl1aracter of the vertical relief to be pro
duced by a vast three-armed depression, surrounding a small elevated 
area about the south pole, aml spreading northward, and a great eleva
tion surrounding the north pole, and spreading southward in three world
ridges. Both regions are comparatively flat. The world hollows extend 
for millions of square miles in gently undulating plains, broken here and 
there by depressions of considerable depth but small area, and l1ere and 
there by abrupt elevations of still less extent. The world-ridges are also 
generally speaking flat or terraced, rarely broken by deep depressions, but 
in many places traversed by narrow lines along which a much greater 
height is attained. The loftiest summit (Mount Everest) towers 37,400 
fcl't above mean sphere level, the deepest depression (in Tuscarora Deep, off 
the north-east coast of Japan, also in a small depression near the Fiji 
Islands) sinks only 21,600 feet beneath it. The contrast in configuration 
is complete between the narrow, sharp, lofty crests of the world-ridges, 
and the broad, flat, shallow troughs of the world-hollows. The two 
are separated by a slope which is everywhere steep, and in some 
}>laces almost precipitous. This fact is indicated by the manner in 
which all the contour-lines trace out similar outlines for the world
ridges, and by the closeness with which the lines follow each other 
on the slope. At the top the edges of the world-ridges arc so flattened 
that 24,000,000 square miles are comprised in the vertical rise of 1200 
feet or so between the end of the steep slope up from the depressed 
area ,md the beginning of the steep slope up to the loftiest s~t of 
platMux. The actual sea-coast lies midway on this gentle slope which 
has probably been largely produced by '\':\Ve-action, and it is significant 
that the coast-line should occupy jnst that position on the world-ridges 
where a given rise or fall in the level of the hydrosJlhere would cover or 
lay bare the greatest possible extent of land. 

Mean sphere level divides the smface of the globe into two regions
a region of depression and a region of elevation, and these arc of equal 
area. In his lecture on the Great Ocean Dasins, 1 Dr. Murray divided the 
earth's surface into three areas : Abysmal, including all deeper than "about 
1000 fathoms" beneath sea-level; Transitional, from about 1000 fathoms 
to sea-level ; nnd Continental or land. These three areas represent 
regions of distinct physical differences, and if, instead of the ngue 

1 Srttnl'e, xxxii, 581 (l88!i). 
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arbitrary boundary of about 1000 fathoms, we use the mean sphere level 
of 1400 fathoms below sea-level, the limits of these areas may be re-stated 
thus:-

Abysmal Area, occupying all the depressions beneath the mean surface 
of the lithosphere, 98,450,000 square miles or 50 per cent. of 
the earth's surfi\ce. 

T1·ansilivnal Area, comprising all the region above mean sphere lenl 
covered by the hydrosphere, 43,450,000 square miles, or 22 per 
cent. of the surface. 

Continental Arm, all the lithosphere that projects beyond tlw 
hydrosphere, 55,000,000 square miles, or 28 per cent. of the 
surface. 

My object in this brief pape1· is merely to indicate a simple and satis
factory basis on which to construct the superstructure of physic.'ll 
geography, not hy any means to attempt ;t description of the distribution 
and ,·arieties of Y ertical Relief. 

SOUTHEHN CALIFORNIA: PAST AND J>HESENT. 

BY Pr.Ol"'J;:SSOI: w. G. BLAIKIE, D.D., LL.D., EDINBUHGII. 

Pltol'EHLY speaking there are three Californias-Northem and Southern 
California, which constitute the American State, and tho peninsula of 
Lower Califomia, which still retains its connection with Mexico. It i;: 
with Northern California that we are most familiar; the southern part 
of the State-very likely at no distant day to become a State itself-ha~ 
as yet hardly impressed itself on our minds as a separate entity. Wlwt 
hrought the north so suddenly into prominence, as all the world knows, 
was the disco,·ery of goltl the year after it was sold to America; the 
" ugly rush " became historical, and impressed on the new Pacific State 
the features that for a long time were associated with the name California. 
Many of us used to think of California gold-diggers as the wildest and 
most reckless of men, going about with a revoll'er in one hand and 1t 

bowie-knife in the other; while San Francisco-the sudden creation of 
tho gold discovery-loomed in the distance as a kind of pandemonium, 
where life was never safe and the most shocking tragedies were enacted 
011 the streets in the full light of day. This was, of course, n. great exag
""eration ; the exaggeration to which we are so prone when we ascribe to 
: whole community the outstanding features of a part. But NorLhern 
California has now settled down to about the level of the other new 
States of the West, and though it has not got rid of all its rowdyism, it 
numbers among its people many of the excellent of the earth. 

Southern California, embracing about 200 miles of the State, extending 
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